Abstract Time-resolved laser flash photolysis and pulse radiolysis have been used to study the chemical activity of podophyllotoxin(PPT) and etoposide . The mechanism of photoionization of etoposide and podophyllotoxin has been confirmed and illustrated. It is demonstrated that VP-16 and PPT in aqueous solution can be photoionized at 248 nm to give hydrated electron and neutral radical resulting from rapid deprotonation of radical cation of VP-16 and PPT. The quantum yield for the photoionization of VP-16 and PPT with single-photo is 0.21 and 0.61, respectively. In addition, they can react with hydrated electron, hydrogen radical and hydroxyl radical. This will give chemists some advice on synthesizing new derivatives of podophyllotoxin in cancer treatment.
Podophyllotoxin (PPT), a popular natural product isolated from plants of the genus podollum, has a long historical use in traditional medicine, which was summed up by Kelly and Hartwell.
Though Wessely had studied PPT in the twenties and thirties of the 20th century, eight diastereomers of PPT were not found before the seventies [1, 2] . Eight diastereomers have different antitumor activities in clinical trials and toxin side effects. Modificating podophyllotoxin structure and synthesizing new derivatives of podophyllotoxin have led to explore several therapeutically useful drugs and have arisen considerable interest of scientists. As one of its derivatives, etoposide (VP-16) had been used in cancer chemotherapy since 1972 [3, 4] . In this paper, laser flash photolysis and pulse radiolysis of podollotoxin and etoposide have been performed. It has been found that VP-16 can be ionized by laser pulse at 248 nm to form a cation radical. On the basis of the reactions of etoposide and PPT with aq e − , CH and COH in aqueous solution, the redox properties of etoposide and podophyllotoxin have been studied in detail. E-ring, lactone ring and C-4 or C-4h
hydroxyl of podophyllotoxin derivatives are lively positions. This will give chemists some advice on synthesizing new derivatives that have high curative effect and low toxicity. 
Materials and methods

Materials
Etoposide (VP-16) and podophylltoxin (PPT) were obtained from Pudong Pharmaceutical Factory (Shanghai, China) and used without further purification, whose purity (>99%) was examined by HPLC. Tertbutyl alcohol (analytic grade reagent) was distilled before use. HClO 4 and NaOH (analytic grade reagent) were commercially available and used as received. Just before the experiments, the solutions were deaerated with high purity nitrogen (99.99%), nitrous oxide or oxygen by bubbling for 20 min for different purposes. Unless indicated further, all solutions were freshly prepared by three-distilled water.
Methods
Laser photolysis experiments were carried out using a KrF excimer laser, which provides 248 nm pulses with a duration of 20 ns and a maximum energy of 50 mJ per pulse. The laser and analyzing light beam passed perpendicularly through a quartz cell. The transmitted light entered a monochromator equipped with an R955 photomultiplier. The signals were collected using an HP54510B digital oscillograph and then transferred to computer. A detailed technical description of the facility has been given elsewhere [5] . Pulse radiolysis experiments were conducted by using linear accelerator providing 10 MeV electron pulse with a duration of 8 ns. The dosimetry of electron pulse was determined using a thiocyanate dosimeter containing 10 mmol/L KSCN solution saturated with nitrous oxide by All experiments were performed at room temperature (ca. 20k). . t-BUOH at pH 7, decay of absorption at 310 nm was found quicker than that of the aqueous which did not contain fumaric cyanogen. The fact that fumaric cyanogen can capture the excited state can explain this result [7] . The experiment can prove that exited state of VP-16 is formed when VP-16 was photoionized.
Results and discussion
is a strong oxidant, so it can impair tumor cell, and build up the blood vessel of tumor [8, 9] . Once 2 O is big enough in the body in which pH is 6.4ü7.5 [10] . VP-16 can save up in tissue of cancer [11] . Lively oxygen that was formed by UV light in cancer containing VP-16 can cure cancer, so the curative effect of VP-16 was strengthened. Photoconductive fiber was supposed to use in order to protect other tissues in the body.
The derivative that C-4h hydroxyl in VP-16 was replaced by üOCH 3 was used to do the same experiment, but no transient absorption was observed. So we conferred that C-4h hydroxyl in VP-16 was photoionized. The reaction mechanism was deduced as follows: 3 . It can be identified that the pK a value of etoposide cation radical is 3.5. This means that under neutral pH condition, the etoposide should be changed into a neutral radical via deprotonation. And the pK a value of podophyllotoxin cation is determined to be 7.5.
2.1.3
The photoionization quantum yield of VP-16 and PPT. In order to determine whether the photoionization of etoposide and podophyllotoxin by 248 nm light is caused by a monophoton or a biphoton process, the yield of aq e − measured from the OD valued at 650 nm (not 700 nm) [12] after the pulse was found to increase linearly with the incident laser intensity. The ionization therefore was deduced to proceed via a monophotonic process under our conditions. So did PPT. In order to determine the quantum yield of photoionization in aqueous solution, a N 2 -saturated aqueous solution of KI with the same optical density (OD) at 248 nm was used as that in the reference [12] . The photoionization quantum yield of VP-16 and PPT is 0.21 and 0.61, respectively, which are obtained by the follows: The photoionization quantum yield of VP-16 (0.21) is lower than that of PPT (0.61), which results in more living oxygens formed from PPT than that from VP-16. This is a convincing evidence that PPT is more toxic than VP-16. t-BUOH as scavenger of hydroxyl radical was irradiated by pulse electron beam. A transient absorption spectrum with maximum absorption at 300, 370, 440 and 700 nm was observed ( fig. 4) . Since output of hydrogen atom produced at pH 12 by pulse radiolysis is very low [13] , the primary radical in the solution is mainly aq e − .
The absorption of 700 nm is the characteristic absorption of the hydrated electron ( aq e − ). When the solution was saturated with N 2 O, all of the absorptions disappear. So the absorption of 300, 370 and 440 nm is attributed to VP-16 radical anions (the anion could not be protonized at pH 12). When E-ring was damaged, no absorption of radical anion could be observed. So the reaction mechanism of VP-16 with the hydrated electron ( aq e − ) can be supposed as follows:
By observing the formation of transient species at 310 nm vs. a series of solute concentration [5] , reaction rate constant of the radical anion with aq e − was obtained as 2.71D10 by pulse radiolysis is very low [13] , and the primary radical in the solution is mainly CH under our experimental conditions. So the transient species with the characteristic absorption peak at 310
and 380 nm were attributed to the reaction product of VP-16 with CH. When the lactone ring was damaged, there was no any absorption observed. So the lactone ring was one of the lively position of VP-16, and the reaction mechanism of VP-16 with CH was described as follows: It is well known that drugs were oxidized or reduced in the body so that they have curative effect. COH is a strong oxidant, CH and aq e − are reducer, and the lively position of VP-16 and PPT with the three radicals is C-4 or C-4h hydroxyl, the lactone and E-ring respectively. So the three lively positions should not be destroyed when synthesizing the new derivatives of PPT. The at pH = 12 recorded at 5 µs ( ) and 8 µs ( ) after electron pulse.
